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© A filter system for compressed air comprising a 
first filter means and a second filter means, wherein 
variations of a filter performance in the first filter 
means is eliminated, periodical replacement of the 
first filter means is not necessitated, and further, 
costs of the first filter means are reduced advanta- 
geously. In the filter system for the compressed air, 
wherein liquefied fine particles and solid fine par- 
ticles which are contained in the compressed air are 
separated from the compressed air by use of the 
first filter means (32), while, the liquefied fine par- 
ticles and the solid fine particles which remain in the 
compressed air are removed or made to disappear 
by use of the second filter means (34). as the first 
filter means (32), a deflector (68) formed along the 
axis thereof with spiral vanes, for swirling air is used 
and arranged such that the axial direction thereof 
coincides with the air flow direction, whereby the 
compressed air is swirled, so that the liquefied fine 
particles and the solid fine particles can he sepa- 
rated by the centrifugal separating action. 
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Field of the Art 

The present invention relates in general to a 
filter device for compressed air, and more particu- 
larly to such a filter device for compressed air 
which is capable of efficiently separating and re- 
moving from the compressed air, liquid particles 
such as water and oil, and solid particles, which are 
contained in the compressed air. 

Background of the Invention 

Generally, conduits for supplying compressed 
air to various pneumatically operated components 
used in various factories, atomic plants and medi- 
cal equipment, for example, are provided with a 
filter device for removing water, oil and solid mat- 
ters contained in a stream of the compressed air, 
for the purpose of protecting the pneumatic com- 
ponents or improving the performance of those 
components. 

One type of such a filter device for com- 
pressed air is disclosed in laid-open Publication 
No. 62-1763 of examined Japanese Patent Applica- 
tion, which is constructed as shown in Fig. 6. This 
filter device includes two kinds of filter means. 
Namely, the disclosed filter device includes first 
filter means 10 having a suitable first packing or 
pad 20 inside a sleeve 18 thereof, and second filter 
means 12 having a suitable second packing or pad 
22 inside a sleeve 1 8 thereof. The first and second 
filter means 10, 12 are disposed parallel with each 
other on an air-tightly enclosed trap chamber 16 
having a suitable volume capacity, so as to extend 
in the vertical direction from the trap chamber 16, 
such that each of the first and second filter means 
communicates with the trap chamber 16. The filter 
device further has a manifold 14 having an inlet 
conduit 24 and an outlet conduit 26 for com- 
pressed air. The manifold 14 is attached to the first 
and second filter means 10, 12, such that the inlet 
and outlet conduits 24, 26 communicate with the 
first and second filter means 10, 12, respectively. 
According to this arrangement, the compressed air 
entering the inlet conduit 24 of the manifold 14 is 
fed through the first filter means 10 into the trap 
chamber 16, and then through the second filter 
means 12 into the outlet conduit 26 of the manifold 
14, whereby an air passage for the compressed air 
is formed through the device. In Fig. 6, the refer- 
ence numeral 28 designates a drain valve, through 
which liquid separated from the compressed air 
and accumulated in the trap chamber 16 is dis- 
charged out of the filter device. 

Usually, the first packing 20 of the first filter 
means 10 is a wound wire mesh fabric formed of 
stainless steel fibers or other metallic materials, 
while the second packing 22 of the second filter 



means 12 is a wound fabric mesh formed of cotton 
fibers, for example. As the compressed air passes 
through the first fitter means 10, vapor and/or liquid 
particles contained in the compressed air are con- 

5 densed or coalesced, whereby the vapor and/or 
liquid particles are separated from the compressed 
air. Subsequently, the compressed air from which 
the vapor and/or liquid particles have been sepa- 
rated is introduced into the second filter means 12, 

io so that any liquid and solid particles remaining in 
the compressed air are adsorbed and vaporized by 
the second filter means 12. Thus, the amount of 
the vapor and/or liquid and solid particles contained 
in the compressed air is minimized. 

15 In the above-described filter device, the wound 

metal wire fibers used as the first packing 20 of the 
first filter means 10 suffer from some problems as 
described below. Namely, it is difficult and cum- 
bersome to wind the metal wire fibers, so that the 

20 wound metal fibers are dense over the entirety of 
the first fitter means without considerable gaps or 
voids left therein. Further, the winding condition of 
the metal fibers as the first packing tends to vary 
depending on individual workers who produce the 

25 first packing, resulting in a clearance between the 
inner circumferential surface of the filter sleeve and 
the outer circumferential surface of the wound 
packing accommodated therein. Therefore, the 
compressed air passes through the clearance thus 

30 formed or through the gaps which inherently exist 
in the packing, thereby deteriorating the efficiency 
of removal of the liquid particles contained in the 
compressed air. Accordingly, the filtering perfor- 
mance of the filter device as described above is 

35 likely to fluctuate. 

Further, the first packing made of the wound 
metal fibers as described above is progressively 
clogged during a long period of use. It is therefore 
required to regularly replace the clogged wound 

40 packing with a new one. However, this regular 
replacement undesirably increases the mainten- 
ance cost of the filter device since the packing is 
made of a relatively expensive material, such as 
stainless steel. 

45 

Disclosure of the Invention 

The present invention was developed in the 
light of the above situations. It is therefore an 

so object of the invention to provide a filter device for 
compressed air including first and second filter 
means, which is free from a variation in the filtering 
performance of the first filter means and is capable 
of advantageously reducing the frequency of re- 

55 placement of the packing, thereby assuring a low 
maintenance cost of the device. 

The above object may be achieved according 
to the present invention which provides a filter 



2 



EP 0 601 196 A1 



device for compressed air including first filter 
means adapted to separate liquid and solid par- 
ticles from the compressed air passing thereth- 
rough, and second filter means adapted to remove 
or eliminate any residual liquid and solid particles 
remaining in the compressed air passing thereth- 
rough, from which the liquid and solid particles 
have been separated by the first filter means, the 
filter device being characterized in that the first 
filter means comprises a deflector for whirling in- 
coming compressed air, the deflector having spiral 
vanes integrally formed around a circumference of 
an axis thereof, and being disposed such that an 
axial direction of the deflector coincides with the 
direction of flow of the compressed air through the 
first filter so as to whirl the incoming compressed 
air, whereby residual liquid and solid particles still 
remaining in the compressed air are separated 
therefrom, due to a centrifugal force. 

Brief Description of the Drawings 

Fig. 1 is an elevational view in longitudinal 
cross section showing a filter device for com- 
pressed air according to one embodiment of the 
present invention. 

Fig. 2 is a view showing in enlargement first 
filter means of the filter device of Fig. 1 . 

Fig. 3 is a top plan view of a deflector of the 
first filter means. 

Fig. 4 is a front elevational view of the deflector 
of Fig. 3. 

Fig. 5 is a bottom plan view of the deflector of 
Fig. 3. 

Fig. 6 is an elevational view in longitudinal 
cross section showing one example of a conven- 
tional filter device. 

Best Mode for Carrying Out the Present Inven- 
tion 

To further clarify the present invention, there 
will be described in detail one preferred embodi- 
ment of a filter device for compressed air accord- 
ing to the present invention by reference to the 
drawings. 

Referring first to Fig. 1, there is shown one 
embodiment of a filter device for compressed air 
constructed according to the present invention. The 
filter device includes a lower housing 38, an upper 
housing 44 and a partition member 50 interposed 
therebetween. The lower housing 38 accommo- 
dates first and second filter means 32, 34, and an 
automatic draining unit 36, while the upper housing 
44 accommodates a mist filter 40 and an air collec- 
tor 42. The partition member 50 has inlet and outlet 
passages 46, 48 for the compressed air. 



More specifically described, the partition mem- 
ber 50 is a generally circular member with rela- 
tively large wall thickness having a first and a 
second ear portion 51a, 51b which are formed 

5 opposite to each other diametrically of the partition 
member 50. The ear portions 51a, 51b protrude in 
the radially outward direction of the partition mem- 
ber 50. The inlet passage 46 is open at one of 
opposite ends thereof on the outer circumference 

w surface of the ear portion 51a while the other end 
thereof is connected to a lower opening 52 which is 
open on a central part of the lower surface of the 
partition member 50. On the other hand, the outlet 
passage 48 is open at one of opposite ends thereof 

15 on the outer circumferential surface of the second 
ear portion 51b while the other end thereof is 
connected to an upper opening 54 which is open 
on a central part of the upper surface of the parti- 
tion member 50. The partition member 50 further 

20 includes intermediate passages 56 formed through 
a thickness thereof, for fluid communication be- 
tween the lower housing 38 and the upper housing 
44, as described below. 

The partition member 50 further has a liquid 

25 receiver 58 formed in the central portion of the 
upper surface thereof, and drain passages 60. The 
liquid receiver 58 communicates with the upper 
opening 54 which communicates with the outlet 
passage 48. The drain passages 60 communicate 

30 at one of opposite ends thereof with a tapered 
bottom surface of the liquid receiver 58, and are 
open at the other end thereof on the outer circum- 
ference surface of the partition member 50, such 
that the openings of the drain passages 60 are 

35 spaced apart from the openings of the inlet and 
outlet passages 46, 48, by predetermined angular 
distances in the circumferential direction of the 
partition member 50. 

The cylindrical lower housing 38 which is 

40 closed at one of opposite ends thereof and open at 
the other end is fluid-tightly attached to a lower 
portion of the partition member 50, such that the 
opening of the lower housing 38 is held in sealing 
abutment with the lower portion of the partition 

45 member 50. Thus, the lower housing 38 cooperates 
with the partition member 50 to define a lower 
enclosed space. In a radially central portion of an 
upper part of the lower enclosed space of the lower 
housing 38, there is disposed the first filter 32, 

so while the second filter 34 is disposed radially out- 
wardly of the first filter 32, as clearly shown in Fig. 
2. 

The first filter 32 includes a sleeve 62, and a 
deflector 68 which is accommodated in the sleeve 
55 62, for whirling the incoming compressed air. The 
first filter 32 is press-fitted in a mounting sleeve 66 
having a length shorter than that of the sleeve 62 
by a suitable amount, and an inside diameter sub- 
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stantially equal to an outside diameter of the sleeve 
62. The sleeve 62 and the deflector 68 are made of 
a suitable synthetic resin, while the mounting 
sleeve 66 is made of a suitable metal. The upper 
end of the sleeve 66 is threaded to the lower end 
of the lower opening 52 of the partition member 50, 
whereby the first filter 32 is secured to the partition 
member 50. A nut 76 is screwed on the lower end 
portion of the outer circumferential surface of the 
mounting sleeve 66, so that the lower end portion 
of the sleeve 62 is supported at an inner flange 
portion of the nut 76 formed at an axial ly intermedi- 
ate portion of the inner circumferential surface of 
the nut 76. 

As shown in Figs. 3-5, the deflector 68 has an 
axis 70 and four spiral vanes 72 which are integ- 
rally formed around the outer circumference of the 
axis 70, in an equally spaced-apart relation with 
each other. Each vane 72 is spiraled such that its 
lower end 75 is offset 130* around the axis with 
respect to its upper end 74. The deflector 68 is 
fixed to the sleeve 62 such that the lower end of 
the deflector is supported by and held in abutting 
contact with an annular shoulder portion 64 formed 
at a substantially axially middle portion of the inner 
cylindrical surface of the sleeve 62. The deflector 
68 is disposed within the sleeve 62 such that the 
axial direction of the deflector 68 coincides with the 
direction of flow of the compressed air through the 
first filter 32. 

In the thus constructed filter device, the com- 
pressed air entering the inlet passage 46 of the 
partition member 50 is directed into the interior of 
the first filter 32, and whirled by the vanes 72 of 
the deflector 68, whereby the liquid and solid par- 
ticles contained in the compressed air are effec- 
tively thrown in the radially outward direction of the 
sleeve 62 owing to a centrifugal force. The sepa- 
rated liquid and solid particles which have been 
carried to the inner wall of the sleeve 62 fall 
straight down along the surface of an inner bore 78 
formed in the nut 76 screwed on the lower portion 
of the mounting sleeve 66. However, some portion 
of the separated particles is fed radially outside the 
nut 76 through a plurality of through-holes 80, 
which are formed through the cylindrical wall of the 
nut 76 such that the through-holes 80 are inclined 
downwardly as the through-holes 80 extend radially 
outwardly of the nut 76. The liquid and solid par- 
ticles are thus accumulated in a lower portion of 
the enclosed space of the lower housing 38, and 
eventually discharged out of the filter device by the 
draining unit 36 accommodated in a bottom portion 
of the enclosed space. As the draining unit 36 of 
the present invention, a device disclosed in laid- 
open Publication No. 63-63478 of unexamined Jap- 
anese Utility Model Application may be preferably 
employed. However, the draining unit is not limited 



to the this device, but other known draining devices 
may also be employed in the present filter device. 

The first filter 32 constructed as described 
above assures consistent filtering of the filter de- 

5 vice, without a variation in the filtering performance 
due to poor or inadequate winding condition of the 
wound packing, in contrast with the known filter 
device having the first filter filled with the wound 
packing consisting of wire mesh fabrics formed of 

io stainless steel fibers or other metallic materials. 
Further, the first filter 32 is free from a problem of 
clogging of the wound packing as experienced in 
the conventional device, which advantageously 
eliminates the need for periodic replacement of the 

75 wound packing with new ones as required in the 
conventional device. The present first filter 32 as- 
sures a considerably reduced manufacturing cost 
of the device, since the instant first filter 32 can be 
easily made of a relatively inexpensive material, 

20 such as a resin. 

On the other hand, the second filter 34 consists 
of an inner and an outer tube 86, 88 which are 
disposed in concentric relation with each other and 
which define an annular space therebetween filled 

25 with a second packing 90 consisting of wound 
mesh fabric made of cotton fibers. The inner tube 
86 has an inside diameter larger than the outside 
diameter of the mounting sleeve 66 of the first filter 
32 by a suitable amount. The outer tube 88 has a 

30 diameter larger than that of the inner tube 86 by a 
suitable amount and has substantially the same 
length as the inner tube 86. The second filter 34 is 
secured to the partition member 50 such that the 
upper end of the second filter 34 is held in abutting 

35 contact with an annular shoulder 82 of the partition 
member 50 which communicates with a lower por- 
tion of each intermediate passage 56, while the 
lower end of the second filter 34 is supported by 
the nut 76 with an annular support member 84 

40 interposed therebetween. The support member 84 
has a plurality of holes formed therethrough and 
equally spaced apart from each other in the cir- 
cumferential direction thereof. In this arrangement, 
the first filter 32 projects downwardly at its lower 

45 end from the lower end of the second filter 34 by a 
predetermined amount. The compressed air from 
which the liquid and solid particles have been 
separated by passage through the first filter 32 is 
directed into and passed through the thus con- 

50 structed second filter 34, whereby any residual 
liquid and solid particles remaining in the com- 
pressed air is adsorbed and vaporized in and by 
the second fitter 34. 

The upper housing 44 which is closed at one 

55 of its opposite ends is fluid-tightly attached at the 
other open end to an upper portion of the partition 
member 50 such that the opening of the upper 
housing 44 is threaded to the partition member 50, 
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so as to provide an upper enclosed space. In the 
thus formed enclosed space, the annular mist filter 
40 is disposed substantially concentrically with the 
first and second filters 32, 34 with its upper and 
lower ends supported by respective upper and 5 
lower support plates 92, whereby the mist filter 40 
is fluid-tightly attached at its lower end to an outer 
peripheral portion of the liquid receiver 58 formed 
in the central portion of the upper surface of the 
partition member 50. This arrangement of the mist io 
filter 40 defines an inner space and an outer an- 
nular space within the enclosed space of the upper 
housing 44. The outer annular space of the mist 
filter 40 is brought into communication with the 
lower enclosed space of the lower housing 38 is 
through the intermediate passages 56 of the parti- 
tion member 50. 

The mist filter 40 of the present invention may 
be replaced with other known mist filters consisting 
of soft or hard polyurethane foams, sintered resins 20 
or glass fibers, for instance, which have minute 
pores, provided the mist filter has an annular po- 
rous structure. In the thus constructed mist filter 
40, the compressed air is forced to flow through 
the porous structure from the outside to the inside, 25 
so that any residual vapor and/or liquid and solid 
particles remaining in the compressed air are 
trapped by the porous structure of the mist filter 
40. Thus, the remaining vapor and/or liquid and 
soiid particles are removed or eliminated from the 30 
compressed air. In the present embodiment, each 
of the inner and outer circumferential surfaces of 
the mist filter 40 is covered with a suitable filter 
screen 94 consisting of a metallic material of net- 
work structure (not shown). However, the mist filter 35 
may not have such screens. 

In a substantially central portion of the inner 
space of the mist filter 40, the cylindrical air collec- 
tor 42 having a suitable length and a relatively 
small wall thickness is fluid-tightly connected at 40 
one of its opposite ends to the upper opening 54 
which is open in the central portion of the liquid 
receiver 58 of the partition member 50, so as to 
extend in the vertical direction from the opening 54. 
This arrangement effectively prevents the liquid 45 
particles separated from the compressed air and 
trapped by the porous structure of the mist filter 
40, from entering the outlet passage 48. 

In the thus constructed filter device, the com- 
pressed air entering the inlet passage 46 of the 50 
partition member 50 is directed into the interior of 
the first filter 32, and forced to be whirled by the 
deflector accommodated therein, whereby liquid 
particles of water or oil and solid particles con- 
tained in the compressed air are effectively sepa- 55 
rated therefrom due to the centrifugal force. The 
thus separated liquid and solid particles are carried 
into the lower portion of the lower housing 38, and 
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eventually discharged outside the device through 
the draining unit 36. 

Subsequently, the compressed air from which 
the liquid and solid particles have been separated 
by the first filter 32 is directed into the second filter 
34. The liquid particles remaining in the com- 
pressed air are adsorbed by the second packing 
90 of the second filter 34, or vaporized due to 
turbulence of the air flow during passage through 
the packing 90, while the residual solid particles in 
the compressed air are trapped by the packing 90 
during passage of the compressed air thereth- 
rough. The compressed air which has passed 
through the second packing 90 is then introduced 
into the outer annular space of the upper housing 
44 through the intermediate passages 56 formed 
through the partition member 50, and passes 
through the porous structure of the mist filter 40 
into the inner space of the upper housing 44, 
whereby any still remaining liquid and solid par- 
ticles in the compressed air are trapped by the 
porous structure of the mist filter 40. Accordingly, 
the purified compressed air which is free of the 
liquid particles of water or oil, and the solid par- 
ticles is directed to the outlet conduit via a bore of 
the air collector 42 open on the inner space of the 
mist filter 40 at one of opposite ends thereof which 
is remote from the partition member 50, the upper 
opening 54 of the partition member 50, and the 
outlet passage 48. 

The liquid particles trapped during passage of 
the compressed air through the mist filter 40 
gradually fall within the interior of the mist filter 40, 
and are temporarily stored in the bottom portion 
thereof. The stored liquid is then discharged out of 
the mist fitter 40, and collected within the liquid 
receiver 58 formed in the upper surface of the 
partition member 50. The liquid is eventually dis- 
charged out of the filter device through the drain 
passages 60 open in the bottom of the liquid 
receiver 58. In this arrangement, the provision of 
the air collector 42 effectively prevents the liquid 
from entering the outlet passage 48. Although the 
mist filter 40 and air collector 42 are not essential 
components in practicing the present invention, it is 
to be understood that the provision of these com- 
ponents makes it possible to effectively separate 
and remove the liquid particles contained in the 
compressed air. 

In the filter device constructed according to the 
present invention as described above, the liquid 
and solid particles are efficiently removed or elimi- 
nated as the compressed air passes through the 
first filter 32, second filter 34 and mist filter 40. In 
particular, the first filter 32 used in the present 
embodiment exhibits high filtering performance free 
from a variation, thereby assuring stabilized effi- 
ciency of separation and removal of the liquid 
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particles. The first filter 32 is further advantageous 
over the conventional filter device in that it does 
not require periodic replacement of the packing as 
required for the conventional first filter, whereby the 
maintenance cost of the filter device is favorably 6 
reduced. 

The applicant of the present invention con- 
ducted an experiment for the purpose of comparing 
the filtering efficiency of the present and conven- 
tional filter devices, using a filter device, as shown w 
in Fig. 1, having the first filter 32 which employs 
the deflector 68 for whirling incoming compressed 
air, and a conventional filter device having a first 
filter whose interior is filled with the wound stain- 
less steel mesh fibers. The experiment was con- 15 
ducted at an inlet pressure of the compressed air 
of 3kg/cm 2 and at a flow rate of the compressed air 
of 350t./min. It was confirmed from the experiment 
that the present filter device exhibited substantially 
the same filtering efficiency as the conventional 20 
filter device. 

While there has been described one embodi- 
ment of the present invention in detail, it is to be 
understood that the invention is not limited to the 
details of the illustrated embodiment, but may be 25 
embodied with various changes, modifications and 
improvements which occur to those skilled in the 
art, without departing from the spirit of the inven- 
tion. 

While the illustrated filter device has the first 30 
and second filters which are disposed concen- 
trically with each other, the principle of the present 
invention is also applicable to various other types 
of the filter device, such as a filter device of Fig. 6, 
wherein the first and second filters are disposed 35 
side by side parallel to each other, with their axes 
being laterally spaced apart from each other. 

Industrial Utility 

40 

As is clearly understood from the above de- 
scription, the filter device for compressed air con- 
structed according to the present invention is 
adapted to remove or eliminate the liquid and solid 
particles from the compressed air during passage 45 
of the compressed air through the first and second 
filters. The present filter device employs, as the 
first filter, the deflector having spiral vanes integ- 
rally formed around the axis for the purpose of 
whirling the incoming compressed air. This ar- so 
rangement makes it possible to effectively separate 
the liquid and solid particles from the compressed 
air, due to the centrifugal force. Therefore, the 
present first filter is free from a variation in the 
filtering performance as experienced in the conven- 55 
tional device having a first filter whose interior is 
filled with the wound packing made of metallic 
fibers. Consequently, the present filter device as- 
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sures consistent filtering efficiency, that is, stable 
separation and removal of the liquid and solid 
particles from the compressed air. Further, since 
the instant first filter having the deflector does not 
suffer from the problem of clogging of the wound 
packing as in the conventional first filter, the 
present filter device eliminates the need for the 
conventionally required periodic replacement of the 
clogged wound packing, and the required main- 
tenance time of the filter device is considerably 
reduced. Further, the cost of manufacture of the 
filter device is reduced by the use of the deflector 
made by molding of a relatively inexpensive syn- 
thetic resin, for example. 

Claims 

1. A filter device for compressed air, including 
first filter means adapted to separate liquid and 
solid particles from the compressed air pass- 
ing therethrough, and second filter means 
adapted to remove or eliminate any residual 
liquid and solid particles remaining in the com- 
pressed air passing therethrough, from which 
the liquid and solid particles have been sepa- 
rated by said first filter means, said filter de- 
vice being characterized in that: 

said first filter means comprises a deflec- 
tor for whirling incoming compressed air, said 
deflector having spiral vanes integrally formed 
around a circumference of an axis thereof, and 
being disposed such that an axial direction of 
said deflector coincides with a direction of flow 
of the compressed air through said first filter 
so as to whirl the incoming compressed air, 
whereby residual liquid and solid particles still 
remaining in the compressed air are separated 
therefrom, due to a centrifugal force. 
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FIG. 2 
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FIG. 3 
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FIG. 6 
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